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Web Crippling Capacities of Rivet Fastened Rectangular Hollow Flange Channel 
Beams under One Flange Load Cases 
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Queensland University of Technology (QUT), Brisbane, Australia 
 
Abstract: A new rivet fastened rectangular hollow flange channel beam (RHFCB) was proposed 
using an intermittently rivet fastening process as an alternative to welded beams. The rivet 
fastened RHFCB allows greater section optimisation and flexibility in designing suitable 
combinations of web and flange widths and thicknesses for many industrial applications. In the 
industrial applications of rivet fastened RHFCBs as flooring, roofing or modular building 
systems, their flanges will be fastened to supports, which will provide increased web crippling 
capacities. However no research has been conducted to investigate the web crippling capacities of 
RHFCBs with flanges unfastened and fastened to supports under one-flange load cases. Similarly 
the current design rules for cold-formed steel sections are not suitable for rivet fastened RHFCBs 
due to their two hollow flanges. Hence an experimental study was conducted to investigate the 
web crippling behaviour and capacities of rivet fastened RHFCBs based on the new AISI S909 
standard test method. It included rivet fastened RHFCBs with flanges unfastened and fastened to 
supports under End One Flange (EOF) and Interior One Flange (IOF) load cases. Tests with 
flanges fastened to supports showed that web crippling capacities increased by 39 and 5% for 
EOF and IOF load cases. Comparisons of experimental web crippling capacity results with 
predictions using the current AS/NZS 4600 and AISI S100 design standards showed that web 
crippling design equations are conservative for rivet fastened RHFCBs with flanges unfastened 
and fastened to supports under EOF and IOF load cases. Hence new equations are proposed to 
determine the web crippling capacities of rivet fastened RHFCBs. This paper presents the details 
of this web crippling experimental study of rivet fastened RHFCB sections and the results. 
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1.0 Introduction 
 
In steel construction, cold-formed steel (CFS) hollow flange channel beams are innovative 
products that represent a modern lightweight building technique. They are thin-walled 
structural members designed with two rectangular hollow flanges. Welded hollow flange 
channel beams known as LiteSteel beams have been manufactured and used in many 
structural applications until recently. However, their production was discontinued recently 
due to the expensive manufacturing process and the changes to the manufacturer’s business 
operations. A new rectangular hollow flange channel beam (RHFCB) was proposed using an 
intermittent rivet fastening process as an alternative to welded beams (Figure 1). This 
intermittent rivet fastening process allows for greater customisation (different web and flange 
plate thicknesses) that can cater for many industrial applications of flooring, roofing or 
modular building systems. The advantage of no unstiffened elements coupled with material 
located away from the neutral axis makes RHFCBs structurally efficient as beams when 
compared with other commonly used open CFS sections such as C-, Z-, or hat-shaped 
sections. The RHFCBs can be used as joists and bearers in a range of flooring systems.  
 
Web bearing is a type of localised failure that occurs in thin-walled flexural members. Since 
the rivet fastened RHFCB is a thin-walled flexural member, web bearing instability may 
occur. In most of the industrial applications, the RHFCBs will be fastened to their supports. 
This will prevent the rotation of the flanges and thus will increase their web crippling 
capacities. However, no research has been undertaken on the web crippling capacities of rivet 
fastened RHFCBs with flanges unfastened and fastened to supports under End-One-Flange 
(EOF) and Interior-One-Flange (IOF) load cases (Figure 2) defined in the new AISI S909 [1]. 
 
The web crippling strength calculation using theoretical analysis is quite complex as it 
involves many factors such as local yielding in the loading region, instability of the web 
element, and many others. Hence the current design rules in most cold-formed steel structures 
codes have been developed based on web crippling tests of conventional cold-formed steel 
sections such as C-, Z-, hat and built-up sections [2-13]. The current AS/NZS 4600 [14] and 
AISI S100 [15] web crippling design sections provide a unified web crippling capacity 
equation. However, it does not have any provisions for the presence of hollow flanges in 
cold-formed sections. Hence it is not applicable to the rivet fastened RHFCBs. Unlike other 
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open cold-formed steel sections, rivet fastened RHFCB may also be subjected to flange 
crushing, combined web crippling and flange crushing and lip failures [16]. 
 
This paper presents the details of an experimental study into the web crippling behaviour and 
capacities of the rivet fastened RHFCB with flanges unfastened and fastened to supports 
under EOF and IOF load cases, the results and the improved web crippling design equations 
developed within the guidelines of AS/NZS 4600 [14] and AISI S100 [15]. Such enhanced 
knowledge, understanding and design rules are expected to advance the use of this innovative 
section as joists and bearers in floor systems. 
 
2.0. Web Crippling of Cold-Formed Steel Beams  
 
This section will review the current test method, design equations and past research on cold-
formed steel beams subjected to web crippling. However, past research is primarily based on 
experimental studies of open cold-formed steel sections (C-, Z-, hat-shaped and built-up 
sections). Limited research has been conducted on the web crippling behaviour of channel 
beams, lipped channel beams and hollow flange channel beams under EOF and IOF load 
cases (Keerthan and Mahendran [17]; and Gunalan and Mahendran [18]) when compared 
with End Two Flange (ETF) and Interior Two Flange (ITF) load cases (Young and Hancock 
[19]; Macdonald et al. [13]; Uzzaman et al. [20]; Keerthan et al. [21]; Sundararajah et al. 
[22,23]; and Steau et al. [16]). Only few researchers have considered channel beams with 
flanges fastened to supports (Young and Hancock [19]; and Janarthanan et al. [24]).  
 
2.1. AISI S909 Test Method for Web Crippling [1] 
 
The new American standard test method in AISI S909 [1] defines suitable procedures for 
conducting web crippling tests under EOF and IOF load cases. Conservatively, the AISI S909 
[1] recommends minimum test specimen lengths for EOF and IOF load cases as shown in 
Figure 2. In this research the rivet fastened RHFCB test specimen lengths are based on this 
recommendation. 
 
One-Flange Load Case 
EOF: Lmin = 3.0d1 + 3.0lb (see Figure 2 (a)); and  
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IOF:  Lmin = 3.0d1 + 3.0lb (see Figure 2 (b)) 
where dl = depth of the flat portion of the web measured along the plane of the web; and lb = 
bearing length. 
 
The AISI S909 [1] recommends the use of toe-to-toe or back-to-back, but separated beam 
sections while performing the web crippling tests to eliminate the effect of torsion. As per the 
AISI S909 test method, the tests should be performed under the following loading and 
restraint conditions for both EOF and IOF load cases.  
 The load is applied to the flanges at mid-span. 
 The ends bear on the supports. 
 A 20x20x3.0EA is fastened to the top flanges (and the bottom flanges if desired) to 
interconnect the two sections at ¼ and ¾ points along the span. 
 The webs of the specimens may be stiffened at the load point 
 
2.2. AS/NZS 4600 [14] and AISI S100 [15] Design Equation for Web Crippling 
 
AS/NZS 4600 [14] and AISI S100 [15] present a unified web crippling design equation 
(Equation 1) for determining the web crippling capacities of open cold-formed steel sections. 
This equation includes the effects of the influencing parameters of inner bent radius (ri/tw), 
bearing length (lb/tw) and clear web height (d1/tw) as ratios of web thickness (tw), in addition 
to web yield strength (fyw) and tw. The web crippling coefficients (C, Cr, Cl and Cw) are given 
in Table 2, which are based on a series of web crippling tests (1200 tests) of conventional 
cold-formed steel sections such as C-, Z-, hat and built-up sections. However, Equation 1 
with the available coefficients does not consider the influence of hollow flanges and rivet 
spacing used in rivet fastened RHFCBs. 
 
ܴ௕ ൌ ܥݐ௪ଶ ௬݂௪ݏ݅݊ߠ ൬1 െ ܥ௥ට௥೔௧ೢ൰ ൬1 ൅ ܥ௟ට
௟್
௧ೢ൰ ൬1 െ ܥ௪ට
ௗభ
௧ೢ൰ (1) 
 
where C = coefficient;  = angle between the plane of the web and the plane of the bearing 
surface (45° ≤ θ ≤ 90°); Cr = coefficient of inside bent radius ratio (ri/tw); Cl = coefficient of 
bearing length ratio (lb/tw); and Cw = coefficient of web slenderness ratio (d1/tw). 
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2.3. Past Research on Web Crippling 
 
Gunalan and Mahendran [18] conducted experimental studies on DuraGal unlipped channel 
beams (ULCB) with flanges unfastened to supports subjected to web crippling under EOF 
and IOF load cases. Eighteen web crippling tests of DuraGal channel sections were 
conducted. They found that the current web crippling design equations are unconservative for 
these stocky channel sections under EOF and IOF load cases. Hence new web crippling 
design equations were proposed to predict the web crippling capacities of ULCBs under EOF 
and IOF load cases. 
 
Janarthanan et al. [24] conducted experimental studies on DuraGal ULCBs with flanges 
fastened to supports subjected to web crippling under EOF and IOF load cases. Twenty-eight 
web crippling tests of DuraGal channel sections were conducted. They found that the current 
web crippling design equations are inconsistent for these stocky channel sections under EOF 
and IOF load cases. Hence new web crippling design equations were proposed to predict the 
web crippling capacities of flange fastened ULCBs under EOF and IOF load cases. Suitable 
design rules were also developed under the direct strength method format. 
 
Web crippling test results of thicker channel sections (tw = 6.0, 5.0 and 4.0 mm) with flanges 
unfastened and fastened to supports from Gunalan and Mahendran [18] and Janarthanan et al. 
[24] were compared. This comparison showed that web crippling capacities increased by 32 
and 8% on average for DuraGal ULCBs under EOF and IOF load cases, respectively. 
 
Keerthan and Mahendran [17] conducted experimental studies on welded hollow flange 
channel beams known as LiteSteel beams (LSBs) with flanges unfastened to supports 
subjected to web crippling under EOF and IOF load cases. Twenty-three web crippling tests 
of LSBs were conducted. They found that the current web crippling design equations are very 
conservative for LSB sections under EOF and IOF load cases. Hence new web crippling 
design equations were proposed to predict the web crippling capacities of LSBs under EOF 
and IOF load cases. Suitable design rules were also developed under the direct strength 
method format. 
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3.0 Experimental Investigations 
 
The web crippling behaviour of rivet fastened RHFCBs with flanges unfastened and fastened 
to supports were investigated under EOF and IOF load cases. Suitable inside bent radius to 
thickness ratios (ri/tw), bearing length to thickness ratios (lb/tw) and clear height of web to 
thickness ratios (d1/tw) were considered to ensure that web crippling failures occurred prior to 
other failures. 
 
3.1. Test Details 
 
The rivet fastened RHFCB test specimens were performed under EOF and IOF load cases 
according to the recommendations presented in the latest AISI S909 test method [1] for web 
crippling. Forty-eight rivet fastened RHFCBs with their flanges unfastened (24 tests) and 
fastened (24 tests) to supports were considered. The rivet fastened RHFCB test specimens 
were fabricated based on the method used in Steau et al. [16]. The rectangular hollow flanges 
in these specimens were first cold-formed using a press-braking method. The test specimens 
were then fabricated by rivet fastening two rectangular hollow flanges to a web plate at 100 
mm rivet spacing. Both flange and web elements were made of 1.20 mm thick BlueScope 
Zincalume G300 steel. This steel has a measured yield stress (fyw and fyf) of 336 MPa and an 
ultimate tensile strength (fu) of 410 MPa. All the rectangular hollow flanges in the rivet 
fastened RHFCB test specimens were 53 mm (flange width (bf)) x 18 mm (flange depth (df)) 
x 1.20 mm (flange thickness (tf)) x 1.20 mm (web thickness (tw)) (refer to Figure 1). The lip 
length (lf) was maintained at 20 mm for all the test specimens. The measured inner and outer 
bent radii (ri and ro) were about 2.0 mm. The section depth (d) of test specimens was varied 
from 150 to 250 mm (150 mm, 200 mm and 250 mm). Tables 3 and 4 shows the details of the 
rivet fastened RHFCB web crippling test specimens used in this study under EOF and IOF 
load cases. Table 3 shows the rivet fastened RHFCBs with flanges unfastened to supports 
while Table 4 shows the rivet fastened RHFCBs with flanges fastened to supports. The 
measured overall depth and width were found to be equal to their nominal values. 
  
Since at the web-flange junction, the outside of the inner bent corners (ri) is combined with 
the additional lips, the inner bent radius (ri) of rivet fastened RHFCBs was considered as zero 
in the web crippling capacity calculations. The AISI S909 [1] states that specimen length 
should be at least equal to three times the flat portion of clear web height (d1) plus bearing 
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length (lb) for both EOF and IOF load cases. Hence the test specimen lengths were 3d1 + 3lb 
for both EOF and IOF load cases.  
 
Toe-to-toe rivet fastened RHFCB test specimens were used in the tests based on the 
recommendations in AISI S909 [1]. Support conditions of two half rounds (top and bottom) 
were designed to ensure that all the test specimens had pinned supports. The test specimens 
were tested with their flanges unfastened and fastened to supports. For the rivet fastened 
RHFCB test specimens that had their flanges fastened to supports, the flanges of test 
specimens were fastened to supports by two M12 Grade 12.9 bolts and 2.5 mm thick washers 
with 26 mm nominal outer diameter. The bolt location was at the centre of both the bearing 
plates and the flange width (bf). 
 
Figures 3 (a) and (b) show the web crippling test set-up for rivet fastened RHFCBs with 
flanges unfastened to supports under EOF and IOF load cases. Figures 4 (a) and (b) show the 
web crippling test set-up for rivet fastened RHFCBs with flanges fastened to supports under 
the same load cases. They were built based on the recommended AISI S909 [1] standard test 
method (see Figure 2 (a) and (b)). Four different bearing lengths (25 mm, 50 mm, 100 mm 
and 150 mm) were used for both EOF and IOF load cases. 
 
3.2. Test Results and Discussions 
 
The web crippling test results of rivet fastened RHFCBs with their flanges unfastened and 
fastened to supports under EOF and IOF load cases are given in Tables 5 and 6. The rivet 
fastened RHFCBs, including the rivet spacing, were built based on the recommendations in 
Steau et al. [16]. Rivet spacing was maintained at 100 mm. In the web crippling tests, no 
detrimental failure was observed due to such intermittent fastening along the web to flange 
juncture even in IOF load case tests where the load was applied over a 25 mm bearing length 
between two rivet locations. No separation was observed between the web and flange 
elements until the ultimate load was reached. The web crippling test observations also 
confirmed that 100 mm rivet spacing is suitable for rivet fastened RHFCBs with flanges 
unfastened and fastened to supports. However, a detailed experimental study on the effect of 
rivet spacing and suitable rivet spacing limits for the web crippling capacity of rivet fastened 
RHFCBs is currently under way. Test results obtained so far indicate the web crippling 
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capacity reduction is about 10% in comparison to continuously welded beams and thus 
confirm that 100 mm rivet spacing is most suitable by also considering cost efficiency.  
 
Figures 5 and 6 show the web crippling failure modes of rivet fastened RHFCBs with flanges 
unfastened and fastened to supports under EOF and IOF load cases. In all cases, the toe-to-
toe rivet fastened RHFCB test specimens failed symmetrically at the loading point. The web 
crippling failures occurred within the clear height of the web under the load. This is common 
for hollow flange channel beams, irrespective of welding or rivet fastening at the web to 
flange juncture (see Keerthan and Mahendran [17] and Steau et al. [16]). Hence the web 
crippling failures observed in the tests confirms the suitable use of d1 for rivet fastened 
RHFCBs in the web crippling design equations. When flanges were unfastened to supports, 
this allowed their rotation hence test specimens deflected out of plane (Figure 5). Fastening 
the flanges of the rivet fastened RHFCBs to their supports prevented this rotation of flange 
elements (Figure 6). 
 
Figures 7 (a) and (b) show the applied load versus vertical deflection curves for the web 
crippling tests of rivet fastened RHFCBs with flanges unfastened to supports whereas Figures 
8 (a) and (b) show the applied load versus vertical deflection curves for the web crippling 
tests of rivet fastened RHFCBs with flanges fastened to supports.  
 
Figures 9 and 10 show the plots of web crippling capacities versus bearing lengths for the 150 
mm, 200 mm and 250 mm depth rivet fastened RHFCBs with flanges unfastened to supports 
under EOF and IOF load cases. These figures identify an increase in capacity for smaller 
bearing lengths (25 mm and 50 mm) under EOF and IOF load cases. The combined web 
crippling and flange crushing failure mode was observed in 12 rivet fastened RHFCBs with 
flanges unfastened to supports. They are all rivet fastened RHFCBs with 25 mm and 50 mm 
bearing plate lengths for the EOF and IOF load cases. As seen in Figures 9 and 10, this 
phenomenon is due to the applied load in the flanges via a small bearing plate. Hence the web 
crippling capacity will increase as the crushing flange action influenced the outside bent 
radius (ro) of the section at the loading point and thus also the eccentricity of the applied 
loading. Figure 10 (c) does not show an increase in web crippling capacity for Tests 15 and 
18. This was caused by a loading alignment error in these tests that led to  the test specimens 
failing by twisting.  
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Figures 11 and 12 show the plots of web crippling capacities versus bearing lengths for the 
150 mm, 200 mm and 250 mm depth rivet fastened RHFCBs with flanges fastened to 
supports under EOF and IOF load cases. They also show an increase in web crippling 
capacity for smaller bearing lengths (25 mm and 50 mm) for six rivet fastened RHFCBs 
under IOF load case. They are all rivet fastened RHFCBs with 25 mm and 50 mm bearing 
plate lengths for the IOF load case. This implies that combined web crippling and flange 
crushing failure mode occurred within rivet fastened RHFCBs with flanges fastened to 
supports under IOF load case, which was also observed in the tests. No combined web 
crippling and flange crushing failure mode occurred within rivet fastened RHFCBs with 
flanges fastened to supports under EOF load case. 
 
Figures 13 (a) and (b) show the combined web crippling and flange crushing failure mode of 
the rivet fastened RHFCBs with flanges unfastened and fastened to supports under IOF load 
case for the bearing length of 50 mm.  
 
Figures 14 (a) and (b) show the comparison of web crippling failure modes of rivet fastened 
RHFCBs with flanges unfastened and fastened to supports under EOF and IOF load cases. 
They show the symmetric out of plane web buckling in both cases of flanges unfastened and 
fastened to supports. As seen in the figures, fastening the flanges to supports prevented their 
rotations and thus provided increased resistance to web crippling. 
  
Figures 15 (a) and (b) show the comparison between the load-deflection curves for the web 
crippling tests of 200x53x18x1.20x1.20 RHFCB sections with flanges unfastened and 
fastened to supports for a 100 mm bearing length under EOF and IOF load cases. For the 
EOF load case the web crippling capacity of 200x53x18x1.20x1.20 RHFCB increased by 
43% (see Figure 15 (a) and Table 7) while for the IOF load case the web crippling capacity of 
200x53x18x1.20x1.20 RHFCB increased by 7% (see Figure 15 (b) and Table 7) when 
flanges were fastened to supports. Figures 16 (a) and (b) show the web crippling capacities 
versus bearing lengths of 200x51x18x1.20x1.20 RHFCB under EOF and IOF load cases.  
 
Figures 15 and 16 and Table 7 show a significant difference between the web crippling 
capacities of fastened and unfastened specimens under the EOF load case, whereas these 
capacities were similar under the IOF load case. The significant difference in web crippling 
capacities for the EOF load case is due to the difference in flange rotation between 
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unfastened and fastened specimens, whereby fastening the flanges also prevents their 
rotation. This is the reason for the significantly increased web crippling capacities for 
fastened specimens under the EOF load case. However, for the IOF load case, flanges move 
in the direction of the load with minimal rotation, irrespective of flanges fastened or 
unfastened to supports. Hence the web crippling capacities were similar for both fastened and 
unfastened specimens under the IOF load case. 
 
Figure 17 shows the failure mode observed in three of the tests of RHFCBs with flanges 
fastened to supports under the EOF load case for 25 mm bearing length. This lip failure 
occurred since the first set of rivets was located 25 mm from the specimen edge. This 
premature lip failure led to significantly reduced web crippling capacity as seen in Figures 11 
(a) to (c). Hence it is recommended that the first set of rivets is located at 10 mm from the 
edges of RHFCBs to eliminate this type of premature failure and/or locate the concentrated 
loading away from the edge of RHFCBs. 
 
4.0 Comparisons of Test and Predicted Web Crippling Capacities  
 
Experimental ultimate web crippling capacities from this study were compared with the 
predictions from the design equation (Equation 1) based on AS/NZS 4600 [14] and AISI 
S100 [15] in Tables 5 and 6. Test results were not considered in these comparisons if the test 
specimens had failed by combined web crippling and flange crushing. The inner bent radii of 
rivet fastened RHFCBs were taken as zero in these calculations. For the prediction of web 
crippling capacities, support and flange conditions were taken as unfastened or fastened, 
stiffened or partially stiffened flanges and One-flange loading (EOF and IOF) or reaction 
based on Table 2 and the corresponding web crippling coefficients are as follows: For rivet 
fastened RHFCB with flanges unfastened and fastened to supports: 
 
EOF load case - C = 4.0; Cr = 0.14; Cl = 0.35; and Cw = 0.02.  
IOF load case - C = 13.0; Cr = 0.23; Cl = 0.14; and Cw = 0.01. 
 
Comparison of test and predicted web crippling capacities for rivet fastened RHFCBs with 
flanges unfastened to supports are given in Table 5. For the EOF load case, the mean value of 
test to predicted web crippling capacity of rivet fastened RHFCB by AS/NZS 4600 [14] and 
AISI S100 [15] is 1.11 while the corresponding coefficient of variation (COV) is 0.374. For 
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the IOF load case, the mean value of test to predicted web crippling capacity of rivet fastened 
RHFCB by AS/NZS 4600 [14] and AISI S100 [15] is 1.29 while the corresponding COV is 
0.300. Hence it can be concluded that AS/NZS 4600 [14] and AISI S100 [15] design 
equations are conservative for rivet fastened RHFCB sections with flanges unfastened to 
supports, in particular for the IOF load case. 
 
Considering the EOF load case, for different web heights and different bearing lengths 
relevant differences were observed. For a bearing length of 25 mm and a web height of 150 
mm the predictions were very conservative for the EOF load case. However, when the web 
height was increased, a better agreement was observed. The is because the AS/NZS 4600 [14] 
and AISI S100 [15] web crippling coefficients (C, Cr, Cl and Cw) given in Table 2 were based 
on the web crippling tests of conventional cold-formed steel sections such as C-, Z-, hat and 
built-up sections. They do not consider the influence of hollow flanges and rivets in the 
RHFCB specimens used in this study. Hence the increased capacity due to flange crushing 
makes the predictions of AS/NZS 4600 [14] and AISI S100 [15] overconservative. For the 
remaining bearing lengths (50, 100 and 150 mm), design predictions became unsafe with 
increasing web height due to the absence of flange crushing and the associated increase in 
capacity. 
 
Table 5 also shows the web crippling capacities based on the proposed web crippling 
coefficients presented in Keerthan and Mahendran [17] for welded LSBs unfastened to 
supports. For the EOF load case, the mean value of test to predicted web crippling capacity 
ratio is 1.19 with a COV of 0.225, while these values are 1.17 and 0.162 for the IOF load 
case. Hence it can be concluded that Keerthan and Mahendran’s [17] design equations are 
conservative for rivet fastened RHFCB sections with flanges unfastened to supports under 
EOF and IOF load cases. This is due to the additional material at the web-flange juncture of 
rivet fastened RHFCBs. The two additional flange lips in RHFCBs (see Figure 1) effectively 
stiffened the web plate and thus provided higher web crippling capacities for rivet fastened 
RHFCBs in comparison to welded LSBs. 
 
Comparison of test and predicted web crippling capacities for rivet fastened RHFCBs with 
flanges fastened to supports are given in Table 6. For the EOF load case, the mean value of 
test to predicted web crippling capacity of rivet fastened RHFCB by AS/NZS 4600 [14] and 
AISI S100 [15] is 1.44 while the corresponding coefficient of variation (COV) is 0.204. For 
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the IOF load case, the mean value of test to predicted web crippling capacity of rivet fastened 
RHFCB by AS/NZS 4600 [14] and AISI S100 [15] is 1.35 while the corresponding COV is 
0.239. Hence it can be concluded that AS/NZS 4600 [14] and AISI S100 [15] design 
equations are considerably conservative for rivet fastened RHFCB sections, in particular for 
the EOF load case.  
 
Table 7 shows the comparison between the ultimate web crippling capacities of rivet fastened 
RHFCBs with flanges unfastened and fastened to supports under EOF and IOF load cases. 
For EOF load case the web crippling capacities increased by 39% on average while they 
increased by 5% for IOF load case when flanges were fastened to supports. These results 
demonstrate the importance in including the significantly increased capacities of rivet 
fastened RHFCBs in the design of RHFCB floor systems. 
 
A similar finding was observed in Gunalan and Mahendran [18] and Janarthanan et al. [24] 
who conducted web crippling studies on ULCBs (DuraGal) under EOF and IOF load cases 
(see Section 2.3). For ULCBs (DuraGal) web crippling capacities increased by 32 and 8% on 
average for EOF and IOF load cases, respectively, when flanges were fastened to supports. 
 
Since AS/NZS 4600 [14] and AISI S100 [15] design equations were developed for open cold-
formed steel sections (C-, Z-, hat-shaped and built-up sections), new web crippling capacity 
equations should be developed for rivet fastened RHFCBs with rectangular hollow flanges. 
Details of the proposed web crippling capacity equations for rivet fastened RHFCBs are 
given in the next section. 
 
5.0 Proposed Design Equations for Web Bearing 
 
Since the current AS/NZS 4600 [14] and AISI S100 [15] web crippling design equations 
were found to be conservative for rivet fastened RHFCBs with flanges unfastened and 
fastened to supports, new web crippling design equations are proposed in this section based 
on experimental results. Equation 1 from AS/NZS 4600 [14] and AISI S100 [15] is proposed 
with modified web crippling coefficients C, Cr, Cl and Cw. Since the outside of the inner bent 
corners (ri) is combined with the additional lips at the web-flange junction, the inner bent 
radius (ri) of rivet fastened RHFCBs was considered as zero. Table 8 shows the associated, 
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modified web crippling coefficients for rivet fastened RHFCBs with flanges unfastened and 
fastened to supports under EOF and IOF load cases. 
 
Tables 9 and 10 show the comparison of the web crippling capacities from tests with the 
predictions from the proposed design equations. Table 9 shows the comparison of the web 
crippling capacities of rivet fastened RHFCBs with flanges unfastened to supports from tests 
with the predictions from the proposed Equations 2 and 3. For EOF load case, the mean value 
of test to predicted web crippling capacity ratio is 1.00 with a COV of 0.119, while these 
values are 1.00 and 0.043 for IOF load case. It has been shown that the web crippling 
capacities predicted by Equations 2 and 3 agree well with the experimental web crippling 
capacities of rivet fastened RHFCBs with flanges unfastened to supports under EOF and IOF 
load cases. 
 
ܴ௕ ൌ 12.0ݐ௪ଶ ௬݂௪ݏ݅݊ߠ ൬1 ൅ 0.20ට௟್௧ೢ൰ ൬1 െ 0.059ට
ௗభ
௧ೢ൰ for EOF load case (2) 
ܴ௕ ൌ 46.54ݐ௪ଶ ௬݂௪ݏ݅݊ߠ ൬1 ൅ 0.01ට௟್௧ೢ൰ ൬1 െ 0.04ට
ௗభ
௧ೢ൰ for IOF load case (3) 
 
Table 10 shows the comparison of the web crippling capacities of rivet fastened RHFCBs 
with flanges fastened to supports from tests with the predictions from the proposed Equations 
4 and 5. For EOF load case, the mean value of test to predicted web crippling capacity ratio is 
1.00 with a COV of 0.048, while these values are 1.00 and 0.026 for IOF load case. It has 
been shown that the web crippling capacities predicted by Equations 4 and 5 agree well with 
the experimental web crippling capacities of rivet fastened RHFCBs with flanges fastened to 
supports under EOF and IOF load cases. 
 
ܴ௕ ൌ 24.40ݐ௪ଶ ௬݂௪ݏ݅݊ߠ ൬1 ൅ 0.10ට௟್௧ೢ൰ ൬1 െ 0.055ට
ௗభ
௧ೢ൰ for EOF load case (4) 
ܴ௕ ൌ 34.97ݐ௪ଶ ௬݂௪ݏ݅݊ߠ ൬1 ൅ 0.05ට௟್௧ೢ൰ ൬1 െ 0.037ට
ௗభ
௧ೢ൰ for IOF load case (5) 
 
Test capacity results for lip failures and combined web crippling and flange crushing failures 
were not considered in the above proposed equations. However, since the web crippling 
capacity increased when RHFCBs were subjected to a combined web crippling and flange 
14 
 
crushing failure, it is recommended to use the same equations for RHFCBs subject to web 
crippling and combined web crippling and flange crushing as a conservative option.  
 
The North American Cold-formed Steel Specification AISI S100 [15] recommends a 
statistical model to determine the capacity reduction factor. This model accounts for the 
variations in material, fabrication and loading effects. The capacity reduction factor (ϕw) is 
given by Equation 6. 
 
߮௪ ൌ 1.52ܯ௠ܨ௠ ௠ܲ݁ ට൛௏
మ೘ା௏మ೑ା஼೛௏మ೛ା௏మ೜ൟ
షഁబ
  (6) 
 
where Mm, Vm = mean and coefficient of variation of the material factor = 1.1, 0.1; Fm, Vf = 
mean and coefficient of variation of the fabrication factor = 1.0, 0.05; Vq = coefficient of 
variation of load effect = 0.21; β0 = target reliability index = 2.5; Cp = correction factor 
depending on the number of tests = ቂ1 ൅ ଵ௡ቃ ቂ
௠
௠ିଶቃ; Pm = mean value of the tested to predicted 
load ratio; Vp = coefficient of variation of the tested to predicted load ratio, but not > 6.5%; n 
= number of tests; and m = degree of freedom = n – 1. 
  
Using Equation 6 with the mean and COV values in Table 9 gave capacity reduction factors 
(ϕw) of 0.81 and 0.88 for EOF and IOF load cases, respectively. Therefore it is recommended 
to use a ϕw factor of 0.80 for EOF load case and 0.85 for IOF load case for rivet fastened 
RHFCBs with flanges unfastened to supports. Using Equation 6 with the mean and COV 
values in Table 10 gave capacity reduction factors (ϕw) of 0.89 and 0.92 for EOF and IOF 
load cases, respectively. Therefore it is recommended to use a ϕw factor of 0.85 for EOF load 
case and 0.90 for IOF load case for rivet fastened RHFCBs with flanges fastened to supports. 
 
6.0 Conclusions 
 
This paper has presented the details of an experimental study on the web crippling behaviour 
and design of the newly introduced rivet fastened rectangular hollow flange channel beam 
(RHFCB). The web crippling capacities were obtained for these sections with their flanges 
unfastened and fastened to supports under one-flange load cases (EOF and IOF load cases) 
defined in the new American AISI S909 standard test method. Forty-eight web crippling tests 
15 
 
were conducted, which provided significantly improved knowledge and understanding of the 
web bearing behaviour including web crippling and combined web crippling and flange 
crushing, and associated web bearing capacities for rivet fastened RHFCBs. The ultimate web 
bearing capacities from these tests were compared with the predictions from the currently 
available unified web bearing capacity equation in AS/NZS 4600 and AISI S100 design 
standards to investigate the accuracy in predicting these capacities for rivet fastened RHFCBs 
subject to the above failure modes. The web crippling capacity design equations in AS/NZS 
4600 [14] and AISI S100 [15] were found to be conservative for rivet fastened RHFCBs with 
flange unfastened and fastened to supports under EOF and IOF load cases. This paper has 
therefore proposed new equations to predict the web crippling capacities of rivet fastened 
RHFCBs, which can also be used to conservatively predict the capacities when combined 
web crippling and flange crushing occurs. The use of 100 mm rivet spacing was found to be 
adequate while suitable. For EOF load case the web crippling capacities increased by 39% on 
average while they increased by 5% for IOF load case when flanges were fastened to 
supports. These results demonstrate the importance in including the significantly increased 
capacities of rivet fastened RHFCBs in the design of RHFCB floor systems. 
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(a) Flanges Unfastened to Supports 
 
  
 
(b) Flanges Fastened to Supports 
 
Figure 1: Rivet Fastened RHFCB 
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(a) End One Flange (EOF) Loading  (b) Interior One Flange (IOF) Loading  
 
Figure 2: Loading Conditions for Web Crippling Tests [1] 
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(a) EOF Load Case 
 
 
 
(b) IOF Load Case 
 
Figure 3: Web Crippling Test Set-up for Rivet Fastened RHFCBs with Flanges 
Unfastened to Supports 
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(a) EOF Load Case 
 
 
 
(b) IOF Load Case 
 
Figure 4: Web Crippling Test Set-up for Rivet Fastened RHFCBs with Flanges 
Fastened to Supports 
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(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(a) EOF Load Case 
 
  
 
(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(b) IOF Load Case 
 
Figure 5: Web Crippling Failure Modes of Rivet Fastened RHFCBs with Flanges 
Unfastened to Supports (Bearing Length = 150 mm) 
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(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(a) EOF Load Case 
 
  
 
(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(b) IOF Load Case 
 
Figure 6: Web Crippling Failure Modes of Rivet Fastened RHFCBs with Flanges 
Fastened to Supports (Bearing Length = 150 mm) 
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(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(a) EOF Load Case 
  
 
 
(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(b) IOF Load Case 
 
Figure 7: Plots of Applied Load versus Vertical Deflection of Rivet Fastened RHFCBs 
with Flanges Unfastened to Supports (Bearing Length = 150 mm) 
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(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(a) EOF Load Case 
  
 
 
(i) 200x53x18x1.20x1.20 RHFCB  (ii) 250x53x18x1.20x1.20 RHFCB 
 
(b) IOF Load Case 
 
Figure 8: Plots of Applied Load versus Vertical Deflection of Rivet Fastened RHFCBs 
with Flanges Fastened to Supports (Bearing Length = 150 mm) 
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(a) 150x53x18x1.20x1.20 RHFCB 
 
 
(b) 200x53x18x1.20x1.20 RHFCB 
 
 
(c) 250x53x18x1.20x1.20 RHFCB 
 
Figure 9: Plots of Web Crippling Capacities of Rivet Fastened RHFCBs with Flanges 
Unfastened to Supports versus Bearing Lengths under EOF Load Case 
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(a) 150x53x18x1.20x1.20 RHFCB 
 
(b) 200x53x18x1.20x1.20 RHFCB 
 
(c) 250x53x18x1.20x1.20 RHFCB 
Note: * - Experimental error. 
 
Figure 10: Plots of Web Crippling Capacities of Rivet Fastened RHFCBs with Flanges 
Unfastened to Supports versus Bearing Lengths under IOF Load Case 
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(a) 150x53x18x1.20x1.20 RHFCB 
 
 
(b) 200x53x18x1.20x1.20 RHFCB 
 
 
(c) 250x53x18x1.20x1.20 RHFCB 
 
Figure 11: Plots of Web Crippling Capacities of Rivet Fastened RHFCBs with Flanges 
Fastened to Supports versus Bearing Lengths under EOF Load Case 
0
2
4
6
8
10
12
14
0 25 50 75 100 125 150W
eb
 C
ri
pp
lin
g 
C
ap
ac
ity
 (k
N
)
Bearing Length (mm)
Test
0
2
4
6
8
10
0 25 50 75 100 125 150W
eb
 C
ri
pp
lin
g 
C
ap
ac
ity
 (k
N
)
Bearing Length (mm)
Test
0
1
2
3
4
5
6
7
8
0 25 50 75 100 125 150W
eb
 C
ri
pp
lin
g 
C
ap
ac
ity
 (k
N
)
Bearing Length (mm)
Test
Expected Variation 
Expected Variation 
Expected Variation 
30 
 
 
(a) 150x53x18x1.20x1.20 RHFCB 
 
 
(b) 200x53x18x1.20x1.20 RHFCB 
 
 
(c) 250x53x18x1.20x1.20 RHFCB 
 
Figure 12: Plots of Web Crippling Capacities of Rivet Fastened RHFCBs with Flanges 
Fastened to Supports versus Bearing Lengths under IOF Load Case 
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(a) Flanges Unfastened to Supports   (b) Flanges Fastened to Supports 
 
Figure 13: Combined Web Crippling and Flange Crushing Failure Modes of 
200x53x18x1.20x1.20 RHFCB under IOF Load Case (Bearing Length = 50 mm) 
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(a) EOF Load Case 
 
  
 
(b) IOF Load Case 
 
Figure 14: Comparison of Web Crippling Failure Modes of Rivet Fastened RHFCBs 
with Flanges Unfastened and Fastened to Supports   
Unfastened 
Unfastened 
Fastened 
Fastened 
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(a) EOF Load Case 
 
 
 
(b) IOF Load Case 
 
Figure 15: Comparison of Applied Load versus Vertical Deflection Curves of 
200x53x18x1.20x1.20 RHFCB with Flanges Unfastened and Fastened to Supports 
(Bearing Length = 100 mm) 
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(a) EOF Load Case 
 
 
 
(b) IOF Load Case 
 
Figure 16: Comparison of Web Crippling Capacity versus Bearing Length of 
200x53x18x1.20x1.20 RHFCB with Flanges Unfastened and Fastened to Supports 
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(a) 150x53x18x1.20x1.20 RHFCB   (b) 200x53x18x1.20x1.20 RHFCB 
 
Figure 17: Premature Failure of Unfastened Lip of Rivet Fastened RHFCB with 
Flanges Fastened to Supports with 25 mm Bearing Length under EOF Load Case 
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Table 1: Nominal Dimensions of Rivet Fastened RHFCB Sections 
 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
d (mm) tw (mm) tf (mm) bf (mm) df (mm) 
150x53x18x1.20x1.20 150 1.20 1.20 53 18 
200x53x18x1.20x1.20 200 1.20 1.20 53 18 
250x53x18x1.20x1.20 250 1.20 1.20 53 18 
Note: d, bf, df = External dimensions (see Figure 1), lf = 20 mm. 
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Table 2: Web Crippling Coefficients in Equation 1 [14] 
 
Support and Flange  
Conditions Load Cases C Cr Cl Cw фw 
ri/tw 
Limit
Fastened 
to Support 
Stiffened 
or partially 
stiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.14 0.35 0.02 0.85 ≤ 9 
Interior 13 0.23 0.14 0.01 0.90 ≤ 5 
Two-flange 
loading or 
reaction 
End 7.5 0.08 0.12 0.048 0.85 ≤ 12 
Interior 20 0.10 0.08 0.031 0.85 ≤ 12 
Unfastened 
Stiffened 
or partially 
stiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.14 0.35 0.02 0.80 
≤ 5 Interior 13 0.23 0.14 0.01 0.90 
Two-flange 
loading or 
reaction 
End 13 0.32 0.05 0.04 0.90 
≤ 3 Interior 24 0.52 0.15 0.001 0.80 
Unstiffened 
flanges 
One-flange 
loading or 
reaction 
End 4 0.40 0.60 0.03 0.85 ≤ 2 
Interior 13 0.32 0.10 0.01 0.85 ≤ 1 
Two-flange 
loading or 
reaction 
End 2 0.11 0.37 0.01 0.75 
≤ 1 Interior 13 0.47 0.25 0.04 0.80 
Note: ϕw = Capacity reduction factor 
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Table 3: Details of Rivet Fastened RHFCB Test Specimens with Flanges Unfastened to 
Supports 
 
Test 
No. 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
tf 
(mm) 
tw 
(mm) 
d1 
(mm) d1/tw 
fyw 
(MPa) 
lb 
(mm) 
Load 
Case 
1 150x53x18x1.20x1.20 1.24 1.24 112.5 90.5 336 25 EOF 
2 200x53x18x1.20x1.20 1.24 1.24 161.2 130.0 336 25 EOF 
3 250x53x18x1.20x1.20 1.24 1.24 213.2 171.9 336 25 EOF 
4 150x53x18x1.20x1.20 1.24 1.24 111.8 90.2 336 50 EOF 
5 200x53x18x1.20x1.20 1.24 1.24 161.9 130.6 336 50 EOF 
6 250x53x18x1.20x1.20 1.24 1.24 212.2 171.1 336 50 EOF 
7 150x53x18x1.20x1.20 1.24 1.25 111.8 89.4 336 100 EOF 
8 200x53x18x1.20x1.20 1.24 1.24 163.4 131.7 336 100 EOF 
9 250x53x18x1.20x1.20 1.24 1.24 212.2 171.1 336 100 EOF 
10 150x53x18x1.20x1.20 1.24 1.24 112.0 90.5 336 150 EOF 
11 200x53x18x1.20x1.20 1.24 1.24 161.1 130.2 336 150 EOF 
12 250x53x18x1.20x1.20 1.24 1.24 212.6 171.5 336 150 EOF 
13 150x53x18x1.20x1.20 1.24 1.25 112.2 89.8 336 25 IOF 
14 200x53x18x1.20x1.20 1.24 1.24 161.1 129.9 336 25 IOF 
15 250x53x18x1.20x1.20 1.24 1.24 211.9 170.8 336 25 IOF 
16 150x53x18x1.20x1.20 1.24 1.25 111.0 88.8 336 50 IOF 
17 200x53x18x1.20x1.20 1.24 1.24 162.6 131.1 336 50 IOF 
18 250x53x18x1.20x1.20 1.24 1.25 211.5 169.2 336 50 IOF 
19 150x53x18x1.20x1.20 1.24 1.25 112.4 89.9 336 100 IOF 
20 200x53x18x1.20x1.20 1.24 1.25 166.8 133.4 336 100 IOF 
21 250x53x18x1.20x1.20 1.24 1.24 212.2 171.1 336 100 IOF 
22 150x53x18x1.20x1.20 1.24 1.25 112.2 89.7 336 150 IOF 
23 200x53x18x1.20x1.20 1.24 1.25 162.0 129.6 336 150 IOF 
24 250x53x18x1.20x1.20 1.24 1.25 212.6 170.0 336 150 IOF 
Note: Measured values of tf, tw and d1 are given in this table. Other values are nominal. lf = 20 
mm. 
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Table 4: Details of Rivet Fastened RHFCB Test Specimens with Flanges Fastened to 
Supports 
 
Test 
No. 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
tf 
(mm) 
tw 
(mm) 
d1 
(mm) d1/tw 
fyw 
(MPa) 
lb 
(mm) 
Load 
Case 
25 150x53x18x1.20x1.20 1.24 1.24 112.2 90.7 336 25 EOF 
26 200x53x18x1.20x1.20 1.24 1.25 162.3 130.4 336 25 EOF 
27 250x53x18x1.20x1.20 1.24 1.24 212.5 171.7 336 25 EOF 
28 150x53x18x1.20x1.20 1.24 1.25 112.7 90.5 336 50 EOF 
29 200x53x18x1.20x1.20 1.24 1.25 162.4 130.4 336 50 EOF 
30 250x53x18x1.20x1.20 1.24 1.24 212.2 171.1 336 50 EOF 
31 150x53x18x1.20x1.20 1.24 1.24 112.3 90.4 336 100 EOF 
32 200x53x18x1.20x1.20 1.24 1.24 161.6 130.3 336 100 EOF 
33 250x53x18x1.20x1.20 1.24 1.24 212.3 171.2 336 100 EOF 
34 150x53x18x1.20x1.20 1.24 1.24 112.1 90.4 336 150 EOF 
35 200x53x18x1.20x1.20 1.24 1.24 162.6 131.1 336 150 EOF 
36 250x53x18x1.20x1.20 1.24 1.25 212.5 170.0 336 150 EOF 
37 150x53x18x1.20x1.20 1.24 1.25 112.5 90.0 336 25 IOF 
38 200x53x18x1.20x1.20 1.24 1.25 161.7 129.4 336 25 IOF 
39 250x53x18x1.20x1.20 1.24 1.24 211.8 170.8 336 25 IOF 
40 150x53x18x1.20x1.20 1.24 1.24 111.5 89.9 336 50 IOF 
41 200x53x18x1.20x1.20 1.24 1.25 162.0 129.6 336 50 IOF 
42 250x53x18x1.20x1.20 1.24 1.24 212.2 171.1 336 50 IOF 
43 150x53x18x1.20x1.20 1.24 1.24 112.8 91.0 336 100 IOF 
44 200x53x18x1.20x1.20 1.24 1.25 162.4 129.9 336 100 IOF 
45 250x53x18x1.20x1.20 1.24 1.25 212.2 169.7 336 100 IOF 
46 150x53x18x1.20x1.20 1.24 1.25 112.1 89.7 336 150 IOF 
47 200x53x18x1.20x1.20 1.24 1.24 161.6 130.3 336 150 IOF 
48 250x53x18x1.20x1.20 1.24 1.25 212.1 169.7 336 150 IOF 
Note: Measured values of tf, tw and d1 are given in this table. Other values are nominal. lf = 20 
mm. 
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Table 5: Web Crippling Capacities of Tested Rivet Fastened RHFCBs with Flanges 
Unfastened to Supports and Comparisons with Design Equations 
 
Test 
No. 
Rivet Fastened 
RHFCB Section 
(dxbfxdfxtfxtw) 
lb 
(mm) 
Load 
Case 
Web Crippling Capacity (kN) Test/ 
AS/NZS 
4600 
Test/ 
Reference 
[17] Test 
AS/NZS 
4600 
Reference 
[17] 
*1 150x53x18x1.20x1.20 25 EOF 8.03 4.32 5.92 1.86 1.36 
*2 200x53x18x1.20x1.20 25 EOF 6.23 4.10 4.34 1.52 1.44 
*3 250x53x18x1.20x1.20 25 EOF 5.32 3.92 2.93 1.36 1.81 
*4 150x53x18x1.20x1.20 50 EOF 8.76 5.39 6.67 1.62 1.31 
*5 200x53x18x1.20x1.20 50 EOF 6.33 5.14 4.88 1.23 1.30 
*6 250x53x18x1.20x1.20 50 EOF 3.42 4.92 3.34 0.70 1.03 
7 150x53x18x1.20x1.20 100 EOF 7.74 7.03 7.90 1.10 0.98 
8 200x53x18x1.20x1.20 100 EOF 6.38 6.60 5.61 0.97 1.14 
9 250x53x18x1.20x1.20 100 EOF 3.22 6.32 3.87 0.51 0.83 
10 150x53x18x1.20x1.20 150 EOF 8.32 8.09 8.52 1.03 0.98 
11 200x53x18x1.20x1.20 150 EOF 6.15 7.71 6.26 0.80 0.98 
12 250x53x18x1.20x1.20 150 EOF 5.01 7.40 4.27 0.68 1.17 
Mean 1.11 1.19 
COV 0.374 0.225 
*13 150x53x18x1.20x1.20 25 IOF 19.88 10.05 14.20 1.98 1.40 
*14 200x53x18x1.20x1.20 25 IOF 16.68 9.69 11.43 1.72 1.46 
**15 250x53x18x1.20x1.20 25 IOF 8.35 9.51 9.21 N.A. N.A. 
*16 150x53x18x1.20x1.20 50 IOF 19.25 11.66 15.35 1.65 1.25 
*17 200x53x18x1.20x1.20 50 IOF 16.37 11.23 12.22 1.46 1.34 
**18 250x53x18x1.20x1.20 50 IOF 9.33 11.19 10.15 N.A. N.A. 
19 150x53x18x1.20x1.20 100 IOF 16.23 13.91 16.78 1.17 0.97 
20 200x53x18x1.20x1.20 100 IOF 13.78 13.60 13.48 1.01 1.02 
21 250x53x18x1.20x1.20 100 IOF 13.26 13.18 10.88 1.01 1.22 
22 150x53x18x1.20x1.20 150 IOF 17.60 15.65 17.96 1.12 0.98 
23 200x53x18x1.20x1.20 150 IOF 14.48 15.32 14.70 0.94 0.98 
24 250x53x18x1.20x1.20 150 IOF 12.49 15.04 11.88 0.83 1.05 
Mean 1.29 1.17 
COV 0.300 0.162 
Note: AS/NZS 4600 and AISI S100 web crippling design equations are identical. 
 * - Section failed due to combined web crippling and flange crushing. 
 ** - Experimental error. 
  N.A. - Not Applicable.  
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Table 6: Web Crippling Capacities of Tested Rivet Fastened RHFCBs with Flanges 
Fastened to Supports and Comparisons with Design Equations 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb (mm)
Load 
Case 
Web Crippling 
Capacity (kN) Test/ 
AS/NZS 4600Test AS/NZS 4600 
**1 150x53x18x1.20x1.20 25 EOF 8.20 4.29 1.91 
**2 200x53x18x1.20x1.20 25 EOF 6.09 4.13 1.47 
**3 250x53x18x1.20x1.20 25 EOF 5.80 3.91 1.48 
4 150x53x18x1.20x1.20 50 EOF 9.92 5.43 1.83 
5 200x53x18x1.20x1.20 50 EOF 7.46 5.17 1.44 
6 250x53x18x1.20x1.20 50 EOF 6.26 4.92 1.27 
7 150x53x18x1.20x1.20 100 EOF 11.89 6.96 1.71 
8 200x53x18x1.20x1.20 100 EOF 9.10 6.61 1.38 
9 250x53x18x1.20x1.20 100 EOF 6.68 6.32 1.06 
10 150x53x18x1.20x1.20 150 EOF 12.89 8.12 1.59 
11 200x53x18x1.20x1.20 150 EOF 9.06 7.73 1.17 
12 250x53x18x1.20x1.20 150 EOF 7.24 7.50 0.96 
Mean = 1.44, COV = 0.204 
*13 150x53x18x1.20x1.20 25 IOF 20.87 10.05 2.08 
*14 200x53x18x1.20x1.20 25 IOF 15.50 9.84 1.58 
*15 250x53x18x1.20x1.20 25 IOF 14.81 9.51 1.56 
*16 150x53x18x1.20x1.20 50 IOF 19.14 11.48 1.67 
*17 200x53x18x1.20x1.20 50 IOF 15.98 11.40 1.40 
*18 250x53x18x1.20x1.20 50 IOF 14.23 11.03 1.29 
19 150x53x18x1.20x1.20 100 IOF 17.13 13.71 1.25 
20 200x53x18x1.20x1.20 100 IOF 14.74 13.62 1.08 
21 250x53x18x1.20x1.20 100 IOF 14.08 13.37 1.05 
22 150x53x18x1.20x1.20 150 IOF 18.98 15.65 1.21 
23 200x53x18x1.20x1.20 150 IOF 15.90 15.11 1.05 
24 250x53x18x1.20x1.20 150 IOF 14.78 15.04 0.98 
Mean = 1.35, COV = 0.239 
Note: AS/NZS 4600 and AISI S100 web crippling design equations are identical. 
 * - Section failed due to combined web crippling and flange crushing. 
 ** - Section failed due to lip failure. 
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Table 7: Comparison of Web Crippling Capacities of Rivet Fastened RHFCBs with 
Flanges Unfastened and Fastened to Supports 
 
Test 
No. 
Rivet Fastened RHFCB 
Section (dxbfxdfxtfxtw) 
lb 
(mm) 
Load 
Case 
Web Crippling 
Capacity (kN) Fastened/ Unfastened Unfastened Fastened 
1 150x53x18x1.20x1.20 25 EOF 8.03 8.20 1.02 
2 200x53x18x1.20x1.20 25 EOF 6.23 6.09 0.98 
3 250x53x18x1.20x1.20 25 EOF 5.32 5.80 1.09 
4 150x53x18x1.20x1.20 50 EOF 8.76 9.92 1.13 
5 200x53x18x1.20x1.20 50 EOF 6.33 7.46 1.18 
6 250x53x18x1.20x1.20 50 EOF 3.42 6.26 1.83 
7 150x53x18x1.20x1.20 100 EOF 7.74 11.89 1.54 
8 200x53x18x1.20x1.20 100 EOF 6.38 9.10 1.43 
9 250x53x18x1.20x1.20 100 EOF 3.22 6.68 2.08 
10 150x53x18x1.20x1.20 150 EOF 8.32 12.89 1.55 
11 200x53x18x1.20x1.20 150 EOF 6.15 9.06 1.47 
12 250x53x18x1.20x1.20 150 EOF 5.01 7.24 1.44 
Mean = 1.39 
13 150x53x18x1.20x1.20 25 IOF 19.88 20.87 1.05 
14 200x53x18x1.20x1.20 25 IOF 16.68 15.50 0.93 
15 250x53x18x1.20x1.20 25 IOF N.A. 14.81 N.A. 
16 150x53x18x1.20x1.20 50 IOF 19.25 19.14 0.99 
17 200x53x18x1.20x1.20 50 IOF 16.37 15.98 0.98 
18 250x53x18x1.20x1.20 50 IOF N.A. 14.23 N.A. 
19 150x53x18x1.20x1.20 100 IOF 16.23 17.13 1.06 
20 200x53x18x1.20x1.20 100 IOF 13.78 14.74 1.07 
21 250x53x18x1.20x1.20 100 IOF 13.26 14.08 1.06 
22 150x53x18x1.20x1.20 150 IOF 17.60 18.98 1.08 
23 200x53x18x1.20x1.20 150 IOF 14.48 15.90 1.10 
24 250x53x18x1.20x1.20 150 IOF 12.49 14.78 1.18 
Mean = 1.05 
Note: N.A. - Not Applicable.  
  
43 
 
Table 8: Proposed Web Crippling Coefficients for Rivet Fastened RHFCBs 
 
Support and 
Flange  
Condition 
Load 
Case Equations C Cr Cl Cw Mean COV 
Unfastened 
EOF 
AS/NZS 4600 4.00 0.14 0.35 0.020 1.11 0.374 
Proposed 12.00 0.00* 0.20 0.059 1.00 0.119 
Fastened AS/NZS 4600 4.00 0.14 0.35 0.020 1.44 0.204 Proposed 24.40 0.00* 0.10 0.055 1.00 0.048 
Unfastened 
IOF 
AS/NZS 4600 13.00 0.23 0.14 0.010 1.29 0.300 
Proposed 46.54 0.00* 0.01 0.040 1.00 0.043 
Fastened AS/NZS 4600 13.00 0.23 0.14 0.010 1.35 0.239 Proposed 34.97 0.00* 0.05 0.037 1.00 0.026 
Note: * - Since ri is considered to be zero for RHFCBs.  
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Table 9: Comparison of Web Crippling Capacities of Rivet Fastened RHFCBs with 
Flanges Unfastened to Supports from Tests and Proposed Equations 2 and 3 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb 
(mm) 
Load 
Case 
Web Crippling 
Capacity (kN) Test/Proposed
Test Proposed 
*1 150x53x18x1.20x1.20 25 EOF 8.03 N.A. N.A. 
*2 200x53x18x1.20x1.20 25 EOF 6.23  N.A. N.A. 
*3 250x53x18x1.20x1.20 25 EOF 5.32  N.A. N.A. 
*4 150x53x18x1.20x1.20 50 EOF 8.76  N.A. N.A. 
*5 200x53x18x1.20x1.20 50 EOF 6.33  N.A. N.A. 
*6 250x53x18x1.20x1.20 50 EOF 3.42  N.A. N.A. 
7 150x53x18x1.20x1.20 100 EOF 7.74 7.74 1.00 
8 200x53x18x1.20x1.20 100 EOF 6.38 5.58 1.14 
9 250x53x18x1.20x1.20 100 EOF 3.22 3.94 0.82 
10 150x53x18x1.20x1.20 150 EOF 8.32 8.64 0.96 
11 200x53x18x1.20x1.20 150 EOF 6.15 6.44 0.96 
12 250x53x18x1.20x1.20 150 EOF 5.01 4.50 1.11 
Mean = 1.00, COV = 0.119 
*13 150x53x18x1.20x1.20 25 IOF 19.88 N.A. N.A. 
*14 200x53x18x1.20x1.20 25 IOF 16.68 N.A. N.A. 
*15 250x53x18x1.20x1.20 25 IOF 8.35 N.A. N.A. 
*16 150x53x18x1.20x1.20 50 IOF 19.25 N.A. N.A. 
*17 200x53x18x1.20x1.20 50 IOF 16.37  N.A. N.A. 
*18 250x53x18x1.20x1.20 50 IOF 9.33  N.A. N.A. 
19 150x53x18x1.20x1.20 100 IOF 16.23 16.52 0.98 
20 200x53x18x1.20x1.20 100 IOF 13.78 14.32 0.96 
21 250x53x18x1.20x1.20 100 IOF 13.26 12.49 1.06 
22 150x53x18x1.20x1.20 150 IOF 17.60 16.84 1.04 
23 200x53x18x1.20x1.20 150 IOF 14.48 14.77 0.98 
24 250x53x18x1.20x1.20 150 IOF 12.49 12.97 0.96 
Mean = 1.00, COV = 0.043 
Note:  * - Section failed due to combined web crippling and flange crushing. 
 N.A. - Not Applicable.  
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Table 10: Comparison of Web Crippling Capacities of Rivet Fastened RHFCBs with 
Flanges Fastened to Supports from Tests and Proposed Equations 4 and 5 
 
Test No. Rivet Fastened RHFCB Section (dxbfxdfxtfxtw) 
lb 
(mm) 
Load 
Case 
Web Crippling 
Capacity (kN) Test/Proposed
Test Proposed 
**1 150x53x18x1.20x1.20 25 EOF 8.20 N.A. N.A. 
**2 200x53x18x1.20x1.20 25 EOF 6.09 N.A. N.A. 
**3 250x53x18x1.20x1.20 25 EOF 5.80 N.A. N.A. 
4 150x53x18x1.20x1.20 50 EOF 9.92 9.90 1.00 
5 200x53x18x1.20x1.20 50 EOF 7.46 7.72 0.97 
6 250x53x18x1.20x1.20 50 EOF 6.26 5.78 1.08 
7 150x53x18x1.20x1.20 100 EOF 11.89 11.46 1.04 
8 200x53x18x1.20x1.20 100 EOF 9.10 8.90 1.02 
9 250x53x18x1.20x1.20 100 EOF 6.68 6.71 1.00 
10 150x53x18x1.20x1.20 150 EOF 12.89 12.63 1.02 
11 200x53x18x1.20x1.20 150 EOF 9.06 9.80 0.92 
12 250x53x18x1.20x1.20 150 EOF 7.24 7.60 0.95 
Mean = 1.00, COV = 0.048 
*13 150x53x18x1.20x1.20 25 IOF 20.87 N.A. N.A. 
*14 200x53x18x1.20x1.20 25 IOF 15.50 N.A. N.A. 
*15 250x53x18x1.20x1.20 25 IOF 14.81 N.A. N.A. 
*16 150x53x18x1.20x1.20 50 IOF 19.14 N.A. N.A. 
*17 200x53x18x1.20x1.20 50 IOF 15.98 N.A. N.A. 
*18 250x53x18x1.20x1.20 50 IOF 14.23 N.A. N.A. 
19 150x53x18x1.20x1.20 100 IOF 17.13 16.94 1.01 
20 200x53x18x1.20x1.20 100 IOF 14.74 15.37 0.96 
21 250x53x18x1.20x1.20 100 IOF 14.08 13.76 1.02 
22 150x53x18x1.20x1.20 150 IOF 18.98 18.46 1.03 
23 200x53x18x1.20x1.20 150 IOF 15.90 16.18 0.98 
24 250x53x18x1.20x1.20 150 IOF 14.78 14.72 1.00 
Mean = 1.00, COV = 0.026 
Note:  * - Section failed due to combined web crippling and flange crushing. 
 ** - Section failed due to lip failure. 
 N.A. - Not Applicable.  
 
